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! hadrons totalcross sections in the
energy region between 3.700 and 3.872 G eV from the data sam plestaken with the BES-IIdetector
attheBEPC Collider.Re-analysisofthedata showsthatitisinconsistentwith theexplanation for
only one sim ple  (3770) resonance with a statisticalsignicance of7. The anom alous line-shape
m ay beexplained by two possibleenhancem entsoftheinclusivehadron production nearthecenter-
of-m assenergiesof3.764 G eV and 3.779 G eV,indicating thateitherthere islikely a new structure
in addition to the (3770)resonance around 3.773 G eV,orthereare som e physicseectsreecting
the D D production dynam ics.
PACS num bers:13.20.G d,13.66.Bc,14.40.G x,14.40.Lb
2In theenergy rangefrom 3.700 to 3.872 G eV,the well
established  (3770)resonanceisbelieved to be the only
observed structure. This resonance has been identied
to be a m ixture ofD -wave and S-wave ofangular m o-
m entum eigenstates ofthe cc system . In addition,the
 (3770) resonance is expected to decay into D D m e-
son pairswith a branching fraction thatisgreaterthan
98% .However,thereisa long-standing puzzlein theex-
isting m easurem entsof (3770)production and decays.
Before recent BES-II[1,2,3,4,5]and CLEO -c [6]re-
sultspublished,existing data indicated thatabout38%
of (3770) does not decay to D D nalstates [7]. Re-
cently,the BES Collaboration m easured the branching
fraction of (3770) decays to D D to be B [ (3770) !
D D ] = (85  5)% [2, 3, 8] and directly m easured
the non-D D branching fraction of (3770) decay to be
B [ (3770) ! non-D D ] = (13:4  5:0  3:6)% [4] and
B [ (3770) ! non-D D ]= (15:1  5:6  1:8)% [5]under
assum ption that there is only one sim ple  (3770) res-
onance in the energy region between 3.700 and 3.872
G eV.In the last two years,the BES and CLEO Col-
laborations have searched for exclusive non-D D decays
of (3770). However,the sum m ed non-D D branching
fraction m easured by both theBES and CLEO Collabo-
rationsrem ainsto belessthan 2% [1,6].To understand
why the m easured inclusive non-D D branching fraction
is substantially larger than 2% ,in addition to continu-
ing searching form ore possible non-D D decay m odesof
 (3770),itisworth going back to carefully exam ine the
previousm easurem entsofthe  (3770)param eters.
An exam ination ofanalysespreviously reported by the
BESCollaborationin Refs.[2,9]showsthatthetstothe
observed hadronic cross sections or R values are rather
poorforthe ne-grained energy scan crosssection m ea-
surem ents[seeFig.4(a)in Ref.[2]and Fig.1 in Ref.[9]]
even though the branching fraction for  (3770) ! non-
D D wasleftasafreeparam eterin thets.In thisletter,
wepresentareanalysisoftheobserved inclusivehadronic
crosssectionsto betterunderstand the hadronic annihi-
lation structure in the energy region between 3.700 and
3.872 G eV.
The m easurem entsofthe observed inclusive hadronic
crosssectionsarediscussed in detailin theRefs.[2,3,9,
10]. The observed inclusive hadronic cross sections ob-
tained from the crosssection scan data taken in M arch
2003 and in Decem ber2003 areillustrated in Fig.1 [17]
by dot with error bars, where the error bars are the




scattering eventsand the hadronicevents,aswellasthe
uncertainty ofthe observed crosssectionsdue to the re-
producibility ( 0:1 M eV)ofsetting the BEPC m achine
energy. The c.m . (center-of-m ass)energy ofthe BEPC
m achine is calibrated with the world average m asses of
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FIG .1: Them easured inclusivehadroniccrosssectionsversus
the c.m . energy for the two data sets taken in M arch and
D ecem ber2003;thetisdonewith twoincoherentam plitudes
(solution 1),see textfordetail.
 (3686)and J= .The m easured m assesof (3686)and
J= at BEPC are obtained by analyzing 6 data sets of
 (3686)scan and 2 datasetsofJ= scan perform ed dur-
ing the tim e periodsofcollecting the nercrosssection
scan data. The uncertainty in the calibrated energy for
the com bined two ner cross section scan data sets to-
getherisabout 0:5 M eV.
A close exam ination ofthe energy region (from 3.74
to 3.80 G eV) around 3.777 G eV shows that the slopes
of the observed cross sections on the two sides of the
peak arequitedierent;with theslopeofthehigh energy
sideofthepeak substantially largerthan thatofthelow
energy side. It conicts with the expectations for only
one resonance in this energy region,since the eects of
the initialstate radiation (ISR)and the D D production
threshold as wellas the energy dependence ofthe D D
scattering am plitudes due to the Blatt-W eisskopt bar-
rier [11]would allm ake the slope at the high energy
side ofthe peak less steep relative to the slope on the
low-energy side. Thisanom alousshape seen in the pre-
cision m easurem entindicatesthatone sim ple resonance
hypothesis is quite questionable to t the currentdata.
Instead ofthe conventionaldenition ofthe  (3770)de-
cay width  (E cm ),ifthe dynam icsofD D scattering or
som ereasonablem odeldescribingtheD D scatteringcan
givesom especialform of (E cm )and m assshiftforwhich
the scattering am plitude getszero ornode atthe rather
low D m eson m om entum (PD  0:4 G eV)to adaptthe
unusaldecline around 3.8 G eV in the crosssection line
shape,theanom alousline-shapeofthecrosssectionsfor
e+ e  ! hadronsm ightbe understood.
However,asshown in thiswork,itcan notbeexcluded
neitherthattherem ay besom enew structurein addition
3to the  (3770) resonance in the energy region between
3.700and 3.872G eV,which and itsinterferencewith the
 (3770)am plitudedistorttheline-shapeoftheobserved
cross section from that expected ifthere was only one
resonancein the region.
To investigate whetherthere are som e new structures
in addition tothe (3770)resonancein theenergy region
between 3.700 and 3.872 G eV,we tthe observed cross
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and C T Mhad (E cm ) are, respectively, the expected cross
sections for Rs(3770) ! hadrons, J= ! hadrons,
 (3686) ! hadrons, and continuum light hadron pro-
duction at the c.m . energy E cm ,and Rs(3770)denotes
thefullstructurearound 3.773 G eV.Theexpected cross
sectionsareobtained from the Born ordercrosssections
forthese processesand the ISR corrections[12,13].
For the Rs(3770) resonance(s), we use one or two
pure P-wave Breit-W igner am plitude(s) with energy-
dependent total widths [2, 3, 9] to t the observed
hadroniccrosssections.Thetwoam plitudesareexpected
as





















resonances,respectively.  totj (E cm ) is chosen to be en-
ergy dependent[2,3,9]. Fortwo am plitude hypothesis,
concerningthepossibleinterferencebetween thetwoam -
plitudes,weusetwo extrem eschem esto seeifwecan get
better description for the anom alousline shape. In the
rstschem e,we ignore the possible interference;and in
thesecond,weassum ethecom pleteinterferencebetween
thetwoam plitudes.Thesetwoschem esgivetheSolution
1 and Solution 2,respectively.TheBorn ordercrosssec-
tion forRs(3770)production in Solution 1 and Solution
2 can,respectively,be written as
R s(3770)(E cm )= jA 1(E cm )j
2




R s(3770)(E cm )= jA 1(E cm )+ e
i
A 2(E cm )j
2
; (4)
where the  isthe relative phase dierence between the
two am plitudes.




























+   (E cm );
(6)
where C T M
LtH d
(E cm )isthe observed crosssection forlight
hadroniceventproduction given in Refs.[2,9],B
+  
(s)
istheBorn crosssection fore+ e  ! +   ,pD 0 and pD +
(E D 0 and E D + ) are the m om enta (energies)ofD
0 and
D + m esonsproduced atthenom inalenergy
p
s,00 and
+   arethe step functionsto accountforthe thresholds
oftheD 0 D 0 and D + D   m eson pairproduction,respec-
tively;f isa param eterto betted.Theeectofenergy
spread on the observed crosssectionsis also considered
in the analysis.
In thefollowing,ignoring thetiny dierenceofthede-
tection ecienciesdeterm ined from thedierentschem es
asdescribed above,wettheobserved crosssectionspre-
sented in Fig.1 and in Fig.2,respectively,with the ex-
pected crosssectionsgiven in Eq.(1)in two schem es.In
the rst case,it is dened in Eq. (3) and the ts give
the results ofthe Solution 1. In the second case,it is
dened in the Eq.(4)and the tgivesthe resultsofthe
Solution 2.Asa com parison wealsotthecrosssections
with theconventionaloneBriet-W ignerform of (3770)
resonance as the denition ofthe R s(3770) for the one
resonance hypothesis. In the ts,we x r = 1:5 fm (r
is the interaction radius ofthe cc system ) [2,3,9]and
x theJ= param etersatthevaluesgiven in PDG 07 [8];
the (3686)and Rs(3770)resonanceparam etersareleft
free,R uds and f [2,9]arealso leftfree.
Asshown in Fig.1 and in Fig.2,thecircleswith error
barsshow the observed crosssections. The red lines in
both ofthe guresand in the sub-gures(a)inserted in
Fig.1 and Fig.2 representthe tted valuesofthe cross
sections ofSolution 1 and Solution 2. The green lines
in the sub-gures(a)show the tto the observed cross
sections for the one am plitude hypothesis. The circles
with error bars in red as shown in the sub-guares (b)
inserted in Fig.1 and Fig.2 show them easured netcross
sections,which are obtained by subtracting the contri-
butions from J= and  (3686) decays to hadrons,the
continuum hadron production and the interference term
ofthetwoam plitudesin Rs(3770)denition fortheSolu-
tion 2;thebluelinesshow thettothenetcrosssections
from the two resonancesforboth ofthe Solution 1 and
Solution 2,respectively.
The2nd,the3rd and the4th colum nsofTableIsum -
m arize,respectively,theresultsofthetsfortheSolution
1and theSolution 2ofthetwoam plitudehypothesis,and
forthe one am plitude hypothesis,where the rsterrors
arefrom thetand thesecond system atic.Forthem ea-
sured m asses,the second errors m ainly arise from the
uncertainty ofthe BEPC m achineenergy calibration for
the com bined two data sets together. For the one res-
onance hypothesis, the t yields  (3770) and  (3686)
4TABLE I:The tted resultsforthe data taken in M arch 2003 and D ecem ber2003.
Q uantity two am plitudes two am plitudes one am plitude  (3770)and G (3900)am plitudes
(withoutinterference) (interference) (interference)
Solution 1 Solution 2 Solution 3

2
=ndof 125=103 = 1:21 112=102 = 1:10 182=106 = 1:72 170=104 = 1:63
M  (3686) [M eV] 3685:5 0:0 0:5 3685:5 0:0 0:5 3685:5 0:0 0:5 3685:5 0:0 0:5
 
tot
 (3686) [keV] 312 34 1 311 38 1 304 36 1 293 36 1
 
ee
 (3686) [keV] 2:24 0:04 0:11 2:23 0:04 0:11 2:24 0:04 0:11 2:23 0:04 0:11
M 1 [M eV] 3765:0 2:4 0:5 3762:6 11:8 0:5 3773:3 0:5 0:5 3774:4 0:5 0:5
 
tot
1 [M eV] 28:5 4:6 0:1 49:9 32:1 0:1 28:2 2:1 0:1 28:6 2:3 0:1
 
ee
1 [eV] 155 34 8 186 201 8 260 21 8 264 23 8
M 2 [M eV] 3777:0 0:6 0:5 3781:0 1:3 0:5 { 3943:0 (xed)
 tot2 [M eV] 12:3 2:4 0:1 19:3 3:1 0:1 { {
orG [M eV] { { { 54 (xed)
 
ee
2 [eV] 93 26 9 243 160 9 { |
orC | { { 0:243 (xed)
 [
o
] { (158 334 5) { (150 23 5)
f 0:4 5:6 0:6 5:2 2:5 0:6 0:0 0:5 0:6 0:0 1:2 0:6
param etersaslisted in the4th colum n ofTableI.These
m easured valuesofthe resonanceparam etersareconsis-
tentwithin errorwith the world averages [14][18]and
with the earlier BES m easurem ents [2][3]obtained by
analyzing the two data sam plesseparately.The tgives
the m ass dierence between the  (3770) and  (3686)
resonances to be  M = 87:8 0:5 M eV.However,the
large 2=ndof in the 4th colum n of Table I gives the
t probability ofless than 7  10  6,m eaning that the
one resonance hypothesisisstrongly incom parable with
the present precision m easurem ent data. O n the con-
trary,the 2 change forthe two hypothesesin Solution
1 is (182  125) = 57 with a reduction of3 degrees of
freedom . This indicates that the signalsignicance for
the new structure is 7:0. The 2 change for the two
hypotheses in the Solution 2 is 70 with a reduction of
4 degrees offreedom . This indicates that the statisti-
calsignicanceofthe new structure is7:6.Com paring
the ts for the Solution 1 and Solution 2,we nd that
the 2 changeof13 with a reduction of1 degreeoffree-
dom .Thesignicanceoftheinterferencebetween thetwo
Breit-W igneram plitudesis3:6,which indicatesthatthe
two am plitudeslikely interferesom ehow with each other.
The actualsituation ofthe interference would be som e-
wherebetween thetwocases.Itdependson whatarethe
exactnalstatesofthe possiblenew structuredecays.
However,itisnoted thatthetted valuef = 5:2 2:5
0:6in theSolution 2would lead toahugeD D production
crosssection athigherenergy region and thereexistsan
evidentdip oftheinclusivehadroniccrosssection around
E cm = 3.80 G eV.Theseindicate that,instead ofonly the
continuum D D production,therem ightbeabroad struc-
ture whose peak isathigherenergy than 3.83 G eV and
itinterfereswith Rs(3770). Recently,BABAR [15]and
10 2
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FIG .2: Theobserved inclusivehadroniccrosssectionsversus
thenom inalc.m .energiesforthecom bined data setstaken in
M arch and D ecem ber2003;thetwasdonewith twocoherent
am plitudesforR s(3770)(Solution 2).
BELLE collaborations [16]observed G (3900). To con-
sider the eect of the G (3900) on the observed cross
sections, instead of the rst two solutions for the two
structure hypothesesone m ay adoptthe third approach
by including the new com ponentofD D production am -
plitude ofG (3900). The tting procedure is analogous
to Solution 2. However,the am plitude A 2(E cm ) in Eq.
(4) is replaced by a square root product ofa param e-
ter C and a G aussian function G . The m ass and the
standard deviation ofG are xed at the m easured val-
ues ofG (3900)[15]and C is xed at0.243 correspond-
5ing to the D D cross section as the one m easured by
BABAR at 3.943 G eV.The red line in Fig.3(a) rep-
resents the tted values ofthe cross sections,which is
obtained from thetunderassum ption thatthe (3770)
and G (3900)am plitudesinterferewith each other;thet-
ted valuefrom thehypothesesforonly (3770)am plitude
(blue line),from Solution 1 (yellow line)and from Solu-
tion 2 (green line)are also illustrated in Fig.3(a). The
5th colum n ofTable Isum m arizesthe results(Solution
3) ofthe t including G (3900). The t gives a rather
poor t probability ofless than 5  10  5, which does
notsignicantly im prove the tfrom the one resonance
hypothesis. If we consider three coherent am plitudes
in the t by replacing jA 1(E cm )+ e
iA 2(E cm )j
2 with
jA 1(E cm )+ e
i1A 2(E cm )+ e
i2G (E cm )j
2 in Eq.(4),where
G is the G (3900)structure,we obtain alm ost the sam e
resultsastheseshown in Solution 2 in TableIinstead of
f = 5:2 2:5 0:6. This t gives f = 2:7 6:4 0:6,
which iscom parablewith theinclusivehadroniccrosssec-
tion m easurem entsatthehigherenergy region.Fig.3(b)
showstheratiooftheresidualbetween theobserved cross
section and the tted value for the one  (3770) am pli-
tudehypothesistotheerroroftheobserved crosssection.
The variation ofthe ratio with E cm indicatesthatthere
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FIG . 3: (a) the observed inclusive hadronic cross section
versusthe nom inalc.m .energy;(b)ratio ofresidualto error
ofobserved crosssection;(see text).
In sum m ary,byre-analyzingtheline-shapeofthecross
sections for e+ e  ! hadrons,we nd that it does not
describethe crosssection shapewellwith the hypothese
thatonly onesim ple (3770)resonanceexistsin the en-
ergyregion from 3.700to3.872G eV.Iftherearenoother
dynam ics eects which distort the pure D-wave Breit-
W eigner shape ofthe crosssections,the analysisshows
thatthe tisinconsistentwith the explanation foronly
onesim ple  (3770)resonancethereat7 statisticalsig-
nicance,indicating that there m ight be evidence for a
new structureadditionaltothesingle (3770)resonance.
However,iftherearesom edynam icseectsdistortingthe
pure D-wave Breit-W eigner shape ofthe cross sections,
such astherescattering ofD D leading to the signicant
energy dependence ofthe wave function in the D D de-
caysofthe (3770)resonance,onehasto considerthose
eectsin them easurem entsoftheresonanceparam eters
of (3770),since these eects would denitely shift the
m easured values ofthe resonance param eters. Anyway,
the large non-D D branching fraction of (3770)decays
m easured previously [2,3]m ay partially be due to the
assum ption that there is only one sim ple resonance in
the energy region between 3.700 and 3.872 G eV in the
previousm easurem entsofthe  (3770)param eters.
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